Context: Parent interventions delivered in the home represent a valuable approach to improving children's diets. Objective: This review aims to examine the effectiveness of parent-targeted in-home interventions in increasing fruit and vegetable intake in children. Data Sources: Five electronic databases were searched: MEDLINE, Embase, PubMed, CINAHL, and PsycINFO. Study Selection: Randomized and nonrandomized trials conducted in children aged 2 to 12 years and published in English from 2000 to 2016 were eligible. Data Extraction: Eighteen publications were reviewed, and 12 randomized trials were analyzed. Studies were pooled on the basis of outcome measure and type of intervention, resulting in 3 separate meta-analyses. Results: Nutrition education interventions resulted in a small but significant increase in fruit intake (Hedges' g ¼ 0.112; P ¼ 0.028). Taste exposure interventions led to a significant increase in vegetable intake, with a moderate effect (Hedges' g ¼ 0.438; P < 0.001). Interventions involving daily or weekly sessions reported positive outcomes more frequently than those using monthly sessions. Conclusions: Future interventions should incorporate regular taste exposure to maximize increases in vegetable intake in children. This is particularly important because fewer children meet national recommendations for vegetable intake than for fruit intake.
INTRODUCTION
Eating fruit and vegetables (FVs) can protect against obesity 1 and reduce the risk of mortality from cardiovascular disease. 2 Despite this, children across much of the developed world do not meet the recommendations for daily intake of FVs. In the United States and the United Kingdom, children's intake of FVs remains below national recommendations for age and sex. 3, 4 In Europe, a high proportion (76.5%) of children do not meet the World Health Organization's recommendation of 400 g of FV per day. 5 According to the most recent Australian 2014-2015 National Health Survey, only 1 in 20 children aged 2 to 18 years meet the Australian guidelines for recommended daily servings of vegetables or FVs combined. 6 Longitudinal analyses of children's eating behaviors suggest that food preferences are developed early and are likely to persist into adulthood. 7, 8 This has led to increasing recognition of the need for early interventions that promote FV intake among children. 9 School-based interventions are among the most commonly used strategies for increasing children's intake of FVs, despite having minimal impact on children's vegetable intake. 10 However, systematic reviews suggest that school-based interventions that directly target parents, for example, via parent attendance at intervention sessions are more likely to report positive or mixed dietary outcomes (eg, increased FV intake and reduced fat intake) than are interventions that indirectly involve parents, for example, via a parent newsletter. 11 It is well documented that parents exert substantial influence over their children's FV intake. 5, 12 For example, studies have identified a number of parental factors associated with increases in children's intake of FVs, including parent intake of FVs, parent providing of FVs to children, structured family mealtimes, set rules around eating, and the availability and accessibility of FVs in the home. 5, 13, 14 Targeting parents in nutrition interventions may therefore represent a particularly effective strategy for increasing children's FV intake. Several systematic reviews on interventions aimed at increasing FV intake in children are published in the literature. 9, 11, 15 However, few have evaluated parenttargeted interventions (< 50%) 9, 11, 15 and, where parental involvement was included, most did not require direct parental involvement (< 25%). 11 Parent-targeted interventions have the potential to be more acceptable to parents when compared with community-based or multicomponent school-based interventions that involve a parent or family component. This is because parent-targeted interventions are more accessible, with the majority of interventions being delivered in the home environment via home visits, 16 telephone calls, 17 and online delivery methods, eliminating the need for parents to travel. 17, 18 Reducing barriers of participant access to interventions is also imperative for policymakers and health professionals interested in delivering parent-targeted strategies in rural and remote areas, where intervention is often limited. 19, 20 An increasing number of parent-targeted, homebased FV interventions have become available. For example, 2 recently published randomized controlled trials (RCTs) reported significant increases in children's FV intake up to 12 months after the completion of an online 21 or telephone-delivered 22 parent-targeted FV intervention. Overall, however, the effects of parent-targeted home-based FV interventions are mixed, with some home-visiting parent-targeted FV interventions reporting no significant increases in children's FV intake. 19, 23 It is therefore difficult to ascertain which parenttargeted home-based interventions may be most effective at promoting FV intake among children.
It is possible that differences in the type of parenttargeted intervention being evaluated may have contributed to the inconsistent findings to date. Parenttargeted, home-based interventions have tended to focus on 2 strategies: repeated taste exposure, which involves repeatedly exposing children to a target vegetable at home (with or without a reward), and nutritionand skills-based education. Taste exposure interventions are based on the theory of learned safety in which repeated exposure to vegetables, without negative consequences (eg, gastrointestinal upset), is hypothesized to support greater vegetable acceptance among children. 24 Nutrition education interventions, however, have largely targeted evidence-based parent and home environment factors associated with increases in children's FV intake. These include parent education and training in the national dietary guidelines, along with strategies to encourage parent modeling of FV intake, provide FVs to children daily, and increase the availability of ready-to-eat FVs to children in the home (eg, clean and chopped FVs). 16 Although taste exposure and nutrition education are potentially valuable approaches for improving children's FV intake, previous systematic reviews have not specifically examined the effect of parent-targeted, home-based FV interventions according to the type of intervention strategy delivered. Therefore, a systematic review of the acceptability and feasibility of taste exposure and nutrition education interventions and their effectiveness on children's FV intake is needed. The findings will provide evidence-based information for parents, health professionals, and policymakers seeking effective strategies to increase FV intake in children.
METHODS
The aims of this study were to systematically identify and review the quality, feasibility, and acceptability of parent-targeted, home-based interventions aimed at promoting FVs to children and to undertake a metaanalysis to analyze the effects of such interventions on FV intake in children.
Using the PICOS (Participants, Intervention, Comparators, Outcomes, Study Design) model for framing research questions, 4 key questions were identified: (1) Are parent-targeted home-based interventions aimed at increasing FV intake in children aged 2 to 12 years feasible and acceptable to parents? (2) Are parent-targeted home-based taste exposure and nutrition education interventions effective at promoting significant increases in children's FV intake? (3) Do parent-targeted home-based taste exposure and nutrition education interventions, compared with no intervention, result in significantly greater FV intake in children aged 2 to 12 years? (4) What characteristics are common among parent-targeted home-based interventions that achieve significant increases in FV intake in children aged 2 to 12 years? The PICOS criteria are shown in Table 1 .
The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (see Appendix S1 in the Supporting Information online), considered the gold standard for reporting the evaluation of interventions, 25 were used when designing this review. This required the following: (1) a specific set of inclusion and exclusion criteria (a priori); (2) an extensive literature search across multiple databases; (3) full documentation of the electronic search strategy to enable replication; (4) use of a standardized process to screen and select studies; and (5) use of a standardized process to collect data and assess the risk of bias of individual studies. The protocol for this review has not been published and is not registered.
Search strategy
Five electronic databases (PubMed, PsycINFO, CINAHL, Embase, and Ovid MEDLINE) were searched for human studies published in English between January 2000 and February 2016. The following search terms were used in each database: (parent* OR home*) AND (child* OR preschool*) AND (fruit* OR vegetable*) AND (intervention*). This search was updated in August 2016.
Selection criteria
Inclusion and exclusion criteria are described in Appendix S2 in the Supporting Information online. Studies that evaluated a parent-targeted home-based intervention aimed at increasing children's fruit and/or vegetable intake and were published in a peer-reviewed journal were included. Additional criteria were included, as follows. (1) The intervention was published between January 2000 and August 2016. (2) The intervention required a parent-only component (eg, parent telephone calls, parent website/newsletter, and parentled exposure activity) and was delivered to the parent at home, for example, via the internet, telephone, or mail.
Interventions that included a parent-only component but were delivered in a school, community, or research setting were excluded. (3) Interventions were aimed at increasing children's fruit and/or vegetable intake. A child was defined as a person between the ages of 2 and 12 years. This broad definition was designed to capture preschool-and primary school-aged children, both of whom demonstrate poor intake of FVs. 3, 6, 26 This is also the age range during which parents have the strongest influence on children's food preferences. 27 (4) Interventions were specifically designed to effect change in at least 1 measure of child fruit and/or vegetable intake. A range of outcomes was included to account for the variability of outcome measures used across studies. 28 These included intake of a target vegetable in grams or daily servings of a child's fruit and/or vegetable intake via parent self-report (eg, food frequency questionnaires, 24-hour recalls, or survey items). (5) Studies were designed as RCTs, nonrandomized controlled trials, or pre-post interventions. Figure 1 summarizes the process of identifying, screening, and including studies. Two searches yielded a total of 1867 abstracts, which were screened by 3 authors (L.M.T., M.S., and A.M.G.) using the established inclusion and exclusion criteria. To determine eligibility, full-text articles were retrieved for all abstracts that were judged to be eligible by at least 1 of these authors or that did not yield sufficient information in the abstract (n ¼ 35). Initial disagreements were resolved through a comprehensive discussion between the authors in which the inclusion and exclusion criteria were compared against the full text. When an agreement could not be reached, consensus was achieved by employing a fourth author (J.C.). An extended search of the reference lists of included studies and table of contents of key journals did not yield any additional studies.
Study selection

Data extraction
One author (L.M.T.) extracted the data from the included studies using a standardized table in Microsoft Excel. 29 Extracted data items are shown in Table  2 . 16, 17, 19, [21] [22] [23] [24] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] * Two of the 18 intervention studies reported long-term follow-up data as a separate publication, resulting in 20 studies across the two searches. These were not included as separate studies, resulting in a total of 18 studies in the final systematic review. Included studies (n=16)* Figure 1 Flow diagram of the literature search process. A total of 1209 studies were identified across 2 searches. Eighteen studies were included in the systematic review and 12 in the meta-analysis. Study had a separate follow-up publication. Follow-up data was treated as an extension of a single paper in this systematic review.
Quality assessment
The methodological quality of the included studies was assessed by consensus between 2 authors (L.M.T. and M.S.) using an adapted version of the Downs and Black checklist for assessing the quality of health care intervention studies. 43 A third author (A.M.G.) was included when full agreement was not reached for all criteria (Table 3 16,17,19,21-24,30-42 ). Constructs of study quality included the following: (1) clear reporting of study hypotheses or aims, participant characteristics, and main findings; (2) clear reporting of attrition rate and methods of randomization, if applicable; (3) blinding of study participants to the intervention they received (RCT only); (4) blinding of those measuring the main outcomes of the intervention (RCTs only); (5) use of valid and reliable outcome measures; and (6) clear reporting of a sample power calculation. 43, 44 Studies that reported high attrition rates (> 30%) or reported outcome data only for participants who completed the intervention were evaluated as having lower quality due to potential outcome bias. Each construct of study quality was scored using the criteria "yes," "no," or "unclear" against the adapted Downs and Black criteria (Table 3) . 44 A child's FV intake may be influenced by factors other than age and sex, such as socioeconomic status, parent FV intake, and parent body mass index. 12, [45] [46] [47] Therefore, each RCT (n ¼ 14) and nonrandomized controlled trial (n ¼ 1) was further assessed for risk of residual confounders. Randomized control trials were rated as having adequately controlled for potential confounders (low risk of bias) when authors provided evidence of a comparison between the intervention group and the control group on important confounders at baseline and when no between-group differences were observed (eg, demographics table) or when differences were identified but were adequately controlled for in the final analysis (eg, by the inclusion of confounder[s] as covariate [s] in the analysis).
Meta-analysis
Of the 20 studies included in the systematic review, 16, 17, 19, [21] [22] [23] [24] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] 8 were excluded from the metaanalysis, 17, 19, 21, 22, 32, 34, 40, 42 leaving 12 interventions for analysis. Reasons for exclusion included the publication of long-term follow-up data of a previously included study, 21, 22 the absence of a control (n ¼ 3), 19, 32, 42 and the lack of an appropriate control group (n ¼ 1) (eg, control group received a mail-based version of the intervention). 40 Because of the differences between fruit intake and vegetable intake, data for FVs were extracted separately. The authors of studies that reported an outcome measure only for fruit intake and vegetable intake combined were contacted to request information that would enable a separate analysis. One author was unable to provide separate scores for fruit intake and vegetable intake, and 1 author could not be reached, resulting in the exclusion of an additional 2 studies. 17, 34 When studies reported data for more than 1 pre-or postmeasurement time point, data closest to the beginning (but before delivery of intervention materials) and the end of the intervention were selected.
Interventions differed according to 2 key theoretical and design-based criteria: the type of intervention (taste exposure vs nutrition education) and the principal summary measures targeted, such as type of outcome (fruit intake vs vegetable intake vs combined FV intake). To reduce exclusion criteria, conserve data points, and minimize the estimation of variance, outcome data were pooled separately for taste exposure and nutrition education interventions instead of being pooled into a single meta-regression on the basis of effect sizes.
For each study outcome (fruit intake or vegetable intake), the standardized mean difference (Hedges' g) was calculated as the mean between-group difference in pre-post intervention change scores divided by the standard deviation of the change scores pooled over the groups. Comprehensive meta-analysis software (BioStat, version 3) was used to calculate effect sizes and meta-analyze these effect sizes. In the results, a randomeffects model was reported because of heterogeneity in some outcomes, but no outcome differed when a fixedeffects model was used. Heterogeneity of effect sizes was examined using the I 2 statistic. 48 Data extraction was checked by having a second author (V.Q.) re-extract 40% of the data. Wherever possible, means and standard deviations of pre-post change scores were extracted for taste exposure and nutrition education interventions. When means and standard deviations for pre-post interventions were available only separately, the scores for standard deviation of change, assuming a pre-post correlation of 0.6, were estimated. For interventions with more than 1 intervention condition of the same type of treatment, Hedges' g was calculated between each intervention arm and control arm and then these were combined into 1 summary effect, assuming a between-subgroup correlation of 0.5. 49 Sensitivity analyses were conducted for both imputed correlations for a range of plausible values (for pre-post correlation, 0.5, 0.6, and 0.7; and for subgroup variation, 0.4, 0.5, and 0.6) to ensure that no assumption altered the significance of a metaanalysis. A separate sensitivity analysis was conducted to examine whether removing studies identified as having potential bias (n ¼ 2) (Table 3 ) altered the results of the meta-analysis. Studies were grouped according to whether the intervention primarily used a taste exposure or a nutrition education intervention (intervention type), and whether interventions measured fruit intake or vegetable intake (outcome type). As all studies with fruit-only outcomes were education interventions, this method produced 3 meta-analyses: the effect of nutrition education intervention vs no intervention on children's fruit intake, the effect of nutrition education intervention vs no intervention on children's vegetable intake, and the effect of taste exposure intervention vs no intervention on children's vegetable intake. Consequently, only 1 effect size per study was included in any 1 meta-analysis.
RESULTS
A total of 622 studies were identified, and 9 RCTs were included in the meta-analysis (Figure 1 ).
Study selection
After the initial screening, 2 searches identified 1209 studies, 40 of which were considered potentially eligible and were retrieved for full-text review (35 from the initial search and 5 from the second search). A further 20 studies were excluded because the intervention did not target FV intake in children or was not an intervention study (n ¼ 9), because the intervention was not home based (eg, it was community-or school-based) (n ¼ 9), or because the article did not report original research (eg, protocol or dissertation) (n ¼ 2). Although this resulted in a total of 20 eligible studies, 2 studies reported the long-term follow-up data of a previously identified and eligible intervention. 21, 22 These studies were presented with the original intervention rather than as a separate study (Table 2) (n ¼ 2). The systematic review therefore included 18 intervention studies reporting 3759 children with a mean age of 5.3 years (range, 2-11 y; SD ¼ 2.7). Table 1 summarizes the characteristics of the eligible studies. Two intervention studies were assessed as having potential outcome bias. 19, 33 To address this issue, a sensitivity analysis was conducted, which resulted in the exclusion of these studies from the meta-analysis. Table 2 presents the study characteristics of both exposure and education interventions, respectively. Fourteen interventions (78%) were RCTs, 1 (6%) was a nonrandomized control trial (in which groups were systematically assigned by the primary investigator), and 3 (17%) were pre-post studies. Interventions were most commonly conducted in the United States, followed by the United Kingdom, Australia, and Mexico. The mean sample size was 229 participants (range, 24-1306; SD ¼ 305). The mean age of children targeted by interventions was 5.3 years (SD ¼ 2.7). Parent age was reported by 70% of studies, with a mean of 36.3 years (SD ¼ 4.7). The percentage of female caregivers was consistently higher across studies (! 85%) compared with the percentage of male caregivers ( 1%). Interventions included home visits (10 of 18; 56%), telephone sessions (6 of 18; 33%), written materials (12 of 18; 67%), and online delivery methods (eg, website, electronic newsletters) (5 of 18; 28%) ( Table  4) . 16, 17, 19, [21] [22] [23] [24] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] Nutrition education programs were the most common type of intervention (12/18, 67%). These interventions typically focused on increasing knowledge about the nutritional guidelines (eg, the recommended daily servings of FVs) and behavioral strategies for achieving the guidelines via a healthy home food environment (eg, parent providing of FVs, role modeling of FV intake, and adequate FV availability) ( Table 3 ). Six studies (33%) used a repeated taste exposure paradigm to examine whether exposure, with or without positive reinforcement (eg, sticker reward or verbal praise), increased children's intake of a target vegetable. 24, 30, 31, 33, 36, 41 Although only 2 studies met all of the applicable quality criteria, 32, 42 the majority of studies met most of the quality requirements (Table 3) , which included a clear presentation of information related to study aims, hypotheses, and participant characteristics (16/18, 89%), a clear description of the main study findings (15/18, 83%), 43, 44 and reporting of an acceptable attrition rate ( 30%) (15/18, 83%) ( Table 3) . 44 All studies (100%, 18/18) used valid and reliable outcome measures. Studies were less likely to meet the quality requirements for reporting of sample power calculations, with calculations not reported in 12 of the 18 studies (67%). The descriptions of randomization methods, blinding of participants, and blinding of assessors were also unclear or unavailable in 60% (9/15), 93% (14/15), and 100% (15/15) of applicable studies, respectively. In the majority of RCTs, the distribution of important confounders appeared balanced after randomization, with 3 studies (20%) providing insufficient detail to adequately determine the risk of residual confounding (Table 3) . Two studies met the criteria for potential outcome bias. 19, 33 To address this issue, a sensitivity analysis that excluded biased studies in the meta-analysis was conducted. This procedure did not alter the significance of any meta-analytic outcome, suggesting that the inclusion of these studies in the systematic review was appropriate.
Study characteristics
Inter-rater reliability
There was high inter-rater reliability between the 2 authors for both searches (2 disagreements out of 1145 abstracts for the initial search [j ¼ 0.94] and 2 unresolved disagreements out of 69 abstracts for the updated search [j ¼ 0.74], both of which required consultation with a third author).
RESEARCH QUESTION 1: ARE PARENT-TARGETED HOME-BASED INTERVENTIONS AIMED AT INCREASING FV INTAKE IN CHILDREN FEASIBLE AND ACCEPTABLE TO PARENTS?
Thirteen studies (72%) reported process evaluation data and/or quantitative or qualitative data on intervention acceptability and participant satisfaction ( Table 2) . Of these, 100% of studies reported evidence of intervention feasibility, including the completion of sessions within the recommended time frame, 17, 34, 38, 42 the completion of all intervention sessions by over 70% of participants, 17, 32, 42 or a low attrition rate (< 30%, Table 3 ). Several feasibility issues were identified for both types of interventions. One nutrition education intervention found that the rate of participants who received telephone calls (16%) was lower than the rate of those who received mailed intervention materials (42%). 32 In an online nutrition education intervention, lower participant engagement was reported for parents and caregivers (28% of parents reported reading more than 60% of intervention session materials) than for children (91%). 39 For exposure interventions, 1 home-visiting study found that 41% of participants did not complete the minimum number of exposure sessions. 41 Another online and mail-based exposure intervention reported lower rates of participant engagement with an online instruction video (17%) than with a written instruction leaflet (94%). 33 Two taste exposure studies reported quantitative data on the overall acceptability of interventions. Among these, 80% of participants agreed that the taste exposure procedure was helpful (eg, increased children's willingness to try vegetables), 33 85% felt that the advice given was useful, 41 and 70% agreed that the intervention had a long-lasting effect on their child's liking of the target vegetable. 41 In addition, 85% of participants agreed that they would use the taste exposure procedure again, 33 and 65% reported that they had already used the strategy for a different vegetable. 41 Nutrition education interventions were also rated favorably, with 83% to 97% of participants agreeing that participation was helpful (eg, they could set reasonable limits for their children after participating in the program) 16 or worthwhile, 42 92% to 100% rating the intervention materials as easy to read 32 or relevant, 42 and 87% reporting that they were still using the intervention materials provided. 32 For both taste exposure and nutrition education interventions, participants identified time (eg, the time needed to undertake the intervention) as the most common barrier to acceptability. 31, 38, 41 
RESEARCH QUESTION 2: ARE PARENT-TARGETED HOME-BASED TASTE EXPOSURE AND NUTRITION EDUCATION INTERVENTIONS EFFECTIVE AT INCREASING FV INTAKE IN CHILDREN?
Overall, positive outcomes were more frequently reported with taste exposure interventions than with nutrition education interventions, with all 6 taste exposure interventions demonstrating a significant increase in children's vegetable intake (Table 3 ). In addition, 4 of the 6 taste exposure interventions reported an increase in child-reported liking of a target vegetable (Table 3) . Of the 12 nutrition education interventions reviewed, 3 (25%) yielded no effect on children's FV intake. 19, 23, 38 However, 2 of the 3 nutrition education interventions that failed to find an intervention effect had a relatively small sample size (< 45), 19, 38 suggesting these interventions may not have had adequate power to detect a significant intervention effect.
RESEARCH QUESTION 3: DO PARENT-TARGETED HOME-BASED TASTE EXPOSURE AND NUTRITION EDUCATION INTERVENTIONS RESULT IN SIGNIFICANTLY GREATER FV INTAKE IN CHILDREN?
A meta-analysis was performed to statistically evaluate the effect of taste exposure and nutrition education interventions compared with no intervention on FV intake in children. Nutrition education interventions (n ¼ 4) had a significant but small positive effect on child fruit intake (Hedges' g ¼ 0.112; SE ¼ 0.051; 95%CI, 0.012-0.212; P ¼ 0.028), with nonsignificant heterogeneity (I 2 ¼ 5.945; P ¼ 0.363) ( Figure  2A 16,35,37,39 ). There was no significant effect of education interventions on child vegetable intake (n ¼ 6) ( Figure 2B 16,23,35,37-39 ) (Hedges' g ¼ 0.125; SE ¼ 0.082; 95%CI, À0.035 to 0.285; P ¼ 0.125), but there was significant heterogeneity (I 2 ¼ 55.84; P ¼ 0.045). For taste exposure interventions (Figure 3 24,30, 31,33,36,41 ) (n ¼ 6), there was a moderately large and significant effect of intervention on child vegetable intake (Hedges' g ¼ 0.438; I 2 ¼0.000; SE ¼ 0.064; 95%CI, 0.312-0.564; P < 0.001). This result remained significant when the study identified as having potential outcome bias was removed from the analysis 33 (Hedges' g ¼ 0.372; I 2 ¼0.000; SE ¼ 0.086; 95%CI, 0.204-0.540; P < 0.001). Sensitivity analyses revealed that using the stipulated range of plausible correlations for pre-post correlation or subgroup variation imputations did not alter the significance of any meta-analytic outcome.
RESEARCH QUESTION 4: WHAT CHARACTERISTICS ARE COMMON AMONG PARENT-TARGETED HOME-BASED INTERVENTIONS THAT ACHIEVE SIGNIFICANT INCREASES IN FV INTAKE IN CHILDREN?
Overall, online-delivered interventions appeared to be most effective, with 100% of online-delivered interventions reporting a significant increase in FV intake in children compared with 80% of home-visiting interventions and 50% of telephone-delivered interventions. Interventions providing daily sessions had the highest percentage of reported significant intervention effects (100%) compared with interventions delivered weekly (83%) or monthly (50%). The number of intervention sessions did not appear to strongly influence the effectiveness of interventions. Studies that included more than 14 sessions had the highest percentage of reported significant intervention effects, but this statistic was based on 1 intervention (n ¼ 1 of 1). The percentage of reported significant intervention effects was slightly lower among studies that provided 11 to 14
Comparison of the effect of a parent-targeted home-based nutrition education intervention vs no intervention on (A) fruit intake (no. of daily servings) and (B) vegetable intake (no. of daily servings) in children. Analysis A was performed using 4 randomized controlled studies. 16, 35, 37, 39 Analysis B was performed using 6 randomized controlled studies.
16,23,35,37-39 Figure 3 Comparison of the effect of a parent-targeted home-based taste exposure intervention vs no intervention on vegetable intake (in grams) in children. This analysis was performed using 6 randomized controlled studies. 24, 30, 31, 33, 36, 41 sessions (83%, n ¼ 5 of 6), 6 to 10 sessions (75%, n ¼ 3 of 4), and 1 to 5 sessions (86%, n ¼ 6 of 7) ( Table 4) . Five of 6 taste exposure interventions (83%) included an exposure plus a reward condition. Of these, 80% found that children who received exposure along with a sticker reward ate significantly more of the target vegetable from baseline to the end of the intervention compared with children who did not receive a sticker reward. 24, 30, 31, 33, 36 When the type of reward was examined, a tangible reward such as a sticker resulted in a greater increase in target vegetable intake compared with a social reward, such as parent verbal praise (P ¼ 0.001). 36 Five studies (29%) provided participants with personalized feedback. 16, 17, 19, 32, 42 This included written materials with the name of the parent and their child, 19 the selection of intervention topics to suit the target child behaviors, 16, 32 tailored feedback about FV intake specific to the parent and/or child, 16, 17, 42 and tailored goals. 17, 42 Four of the 5 studies that used personalized feedback (80%) found a significant intervention affect (Table 3 ). Thirteen of the 14 studies without personalized feedback also reported similar outcomes (Table 4) . Whether studies provided a financial incentive for participation did not appear to influence the outcome of interventions: 86% of studies using incentives reported a significant increase in FV intake in children compared with 82% of studies that did not use incentives.
DISCUSSION
The majority of published parent-targeted home-based interventions have reported an improvement in children's FV intake. However, this review and meta-analysis 24, 30, 31, 33, 36, 41 6 studies 24, 30, 31, 33, 36, 41 4 studies 24, 33, 36, 41 No studies Nutrition education 16, 17, 19, 23, 32, 34, 35, [37] [38] [39] [40] 42 9 studies 16, 17, 32, 34, 35, 37, 39, 40, 42 No studies 3 studies 19, 23, 38 Recruitment strategy Media or advertising 16, 23, 30, 31, 34, 35, 37, 39 7 studies 16, 30, 31, 34, 35, 37, 39 No studies 1 study 23 Written information, mailed out 16, 17, 23, 33, 36, 38, 39, 42 5 studies 17, 33, 36, 39, 42 No studies 2 studies 23, 38 Researcher contact (face-to-face or telephone) 16, 17, 19, 24, 32, 35, 41, 42 7 studies 16, 17, 24, 32, 35, 41, 42 No studies 1 study 19 Online, eg, social media 31, [37] [38] [39] 3 studies 31, 37, 39 No studies 1 study 38 Type of incentives Financial 16, 30, 32, 34, 35, 37, 38 6 studies 16, 30, 32, 34, 35, 37 No studies 1 study Telephone calls 17, 19, 23, 32, 38, 42 3 studies 17, 32, 42 No studies 3 studies 19, 23, 38 Home visits by researchers 16, 19, 23, [30] [31] [32] 35, 36, 40, 41 8 studies 17, 19, 23, 32, 34, 35, 37, 38, 42 6 studies 17, 32, 34, 35, 37, 42 No studies 3 studies 19, 23, 38 Meal planning 17, 23, 34, 35, [37] [38] [39] 42 6 studies 17, 34, 35, 37, 39, 42 No studies 2 studies 23, 38 Nutrition education 16, 17, 19, 23, 24, 31, 34, 35, [37] [38] [39] [40] [41] [42] 10 studies a A significant increase in FV intake was set as P < 0.05.
demonstrates that interventions may not be equally effective at increasing the intake of both fruit and vegetables. Specifically, taste exposure interventions, but not nutrition education interventions, resulted in a significant increase in children's vegetable intake. Despite having no effect on vegetable intake, nutrition education interventions did increase children's fruit intake significantly. Online and home-visiting interventions more frequently reported significant increases in children's FV intake compared with telephone-based interventions. Furthermore, not all interventions were equally acceptable to parents, with parents identifying time as a major limitation to completing taste exposure activities and telephone-based nutrition education sessions.
The current meta-analysis found a moderate to large increase in children's vegetable intake in parenttargeted, home-based taste exposure interventions. This is an important finding, given that fewer children meet the national guidelines for recommended daily servings of vegetables than for fruit 6 and most children do not consume the recommended variety of vegetables. 50 Although previous studies have identified taste exposure as an effective intervention strategy for increasing children's FV intake, 51 a previous meta-analysis found no effect of a parent-delivered taste exposure intervention on children's vegetable intake when compared with no intervention. 9 This discrepancy may be explained by the fact that the previous meta-analysis included only 2 interventions, while the current analysis included 6, meaning the former may have lacked sufficient power to detect an intervention effect. 9 The effects of nutrition education interventions on FV intake in children were mixed. The meta-analysis of 2290 participants from interventions comparing nutrition education with no intervention revealed a significant intervention effect for fruit intake but not vegetable intake. It is unclear why taste exposure interventions, but not nutrition education interventions, resulted in a significant increase in vegetable intake. Recent population data indicates that children aged 2 to 18 years are more likely to meet the recommended daily intake for fruit (68%) than for vegetables (5%). 50 This may suggest that vegetable intake is more difficult to increase than fruit intake. It is well known that children have a biological predisposition to reject bitter-tasting foods, such as vegetables, to protect themselves against possible toxins.
52 Children may also become reluctant to taste unfamiliar vegetables as a result of food neophobia or the fear of eating new foods, 53 which is common between the ages of 2 and 6. 54 Promoting substantial changes in children's vegetable intake may therefore necessitate more intensive strategies than parent-targeted nutrition education, particularly for bitter-tasting and unfamiliar vegetables.
Overall, the pattern of results supports the findings obtained with other commonly used FV interventions, including school-and family-based interventions. The school environment is one of the most common settings for implementing FV interventions in children because of its capacity to target large numbers of children. 11 A meta-analysis of 27 school-based interventions involving 26 361 children found that children's intake of fruit increased by a useful amount (0.24 servings), whereas intake of vegetables did not (0.07 servings). 10 The majority of these interventions, however, involved the delivery of nutrition education or the provision of free or subsidized FVs and did not include taste exposure. Given the findings of the current review, it is plausible that the absence of taste exposure may have contributed to the negligible effect of school-based interventions on children's vegetable intake. 10 Supporting this hypothesis are the findings of Skouteris et al., 55 who reported that children whose parents received taste exposure training as part of a family-based nutrition education intervention ate significantly more vegetables at the end of the intervention compared with controls. Taken together, these findings suggest that, irrespective of the context (eg, school, community, or home), parent involvement and taste exposure are likely to be important strategies to include in any intervention aimed at promoting meaningful increases in children's FV intake.
Feasibility and acceptability are important issues when considering the efficacy of an intervention. The literature review showed that parent-targeted interventions conducted in the home setting appeared feasible to deliver, with the majority of studies reporting an attrition rate of less than 30% (Table 3) . However, participant burden is commonly identified as a key factor for nonparticipation in research studies. 56 This was partly confirmed by the finding that parents identified time as an important limitation for both taste exposure and telephone-delivered nutrition education interventions, including the time to undertake taste exposure activities and to complete daily record forms, 31,41 multiple (n ¼ 3) assessment sessions, 33 and telephone sessions. 38 To enhance acceptability, future interventions may benefit from using alternative strategies to daily written record forms and structured taste exposure procedures. For example, studies have successfully trialed the use of mobile applications in the treatment of clinical anxiety to enhance participant self-monitoring and recording of treatment tasks. 57 New evidence also suggests that modified versions of the taste exposure method may be effective at increasing children's FV intake. A recent RCT of a nutrition education intervention involving 394 parents found that daily parent providing of FVs to children, regardless of the outcome, mediated the long-term positive effect (up to 12 months) of the intervention on children's FV intake. 12, 22 In this approach, parents are broadly encouraged to increase the number of occasions when vegetables are offered to children each day. This is different from traditional taste exposure methods in which parents are instructed to offer a specific target vegetable on a set number of days, allowing for less flexibility. Given that time was identified as a common barrier to completing interventions, identifying effective but flexible parent-targeted intervention strategies is an important goal for future parent-targeted FV interventions.
Contrary to both theory 58 and earlier literature, 59 evidence that longer interventions (11-14 sessions), compared with briefer interventions (1-5 sessions), were more likely to report significant increases in children's FV intake at end of treatment was not strong. Although these findings suggest that both longer and shorter interventions may be equally effective, the majority of short-term intervention studies included in this review did not include long-term follow-up data. 21, 22 Where short-term interventions (eg, 4-6 intervention sessions) did include long-term follow-up data, increases in children's FV intake were observed only up to 12 months of follow-up. 21, 22 Therefore, ongoing contact may still be important in maintaining increases in children's FV intake over the long term. 21, 58 This is consistent with theories of health behavior change that recommend multiple points of contact to maintain behavior change over time. 58 Moreover, a systematic review of behavioral therapy trials found that booster sessions, used in combination with standard treatment, significantly aided behavior change in over 50% of studies. 59 This may be attributable to the reinforcement of skills learned during treatment, a reduction in participant concerns about treatment termination, and the ability to maintain participant accountability in implementing skills acquired during treatment. 59 Although preliminary, the findings of this review have important implications for health professionals interested in delivering parent-targeted home-based interventions as well as for parents seeking effective strategies to increase children's FV intake. Similarly to previous systematic reviews, the present findings suggest that taste exposure is more effective at increasing children's FV intake when combined with a tangible reward, at least in the short term. 9, 60 However, the usefulness of rewarding children for eating FVs remains controversial and should be considered. Taste exposure interventions may be susceptible to the overjustification effect, which argues that repeatedly offering a reward for eating a target vegetable diminishes a child's liking and acceptance of that vegetable over time. 61, 62 In this context, rewards may act as a signal to children that tasting a target or unfamiliar vegetable is unpleasant because it requires immediate compensation. 61 However, not all rewards may negatively affect children's acceptance of a target FV. For example, some research has shown that unexpected rewards may actually boost motivation. 63 Future research is therefore needed to better ascertain whether using a short-term tangible reward (after approximately 14 taste occasions) increases or decreases children's long-term (> 12 months) willingness to taste a target vegetable and to identify the most effective method for delivering a reward (eg, expected or unexpected). 63 
LIMITATIONS AND FUTURE DIRECTIONS
Although the current meta-analysis enabled a rigorous examination of published interventions, the methodology of meta-analysis is vulnerable to bias. Specifically, interventions with nonsignificant findings may be less frequently published in the literature, 64 resulting in a nonrandom sample of included studies. A quantitative risk assessment could not be performed in the current meta-analysis because of the small number of included studies. There was also some unexplained heterogeneity in effect size. Meta-regression is a technique that can use study-level variables to explain heterogeneity within a random-effects model. However, the lack of consistency in potential explanatory variables across studies in the current meta-analysis precluded a metaregression from being conducted. For example, 1 study had both an exposure group and a nutrition education group, 41 numerous studies only assessed vegetable and not fruit intake, and multiple studies had several intervention conditions. In addition, only 2 of the 18 interventions included in this review targeted non-white, non-English-speaking families. 23, 40 This is an important limitation, given that children's dietary behaviors are influenced in part by socioeconomic status and culture. 65 It is therefore unclear whether the intervention effects observed in this systematic review can be generalized across different cultures, ethnicities, and economic backgrounds.
Few studies included a long-term follow-up assessment, making it difficult to ascertain whether interventions resulted in sustained increases in children's FV intake. The risk of interventions reporting false positive or false negative results was identified as low, with most studies adequately balancing or controlling for children's age, sex, and baseline FV intake (Table 3) . However, parent FV intake, parent body mass index, and parent educational status were less frequently reported, despite being associated with children's FV intake, 12, [45] [46] [47] and indices of socioeconomic status varied across studies (Table 2) . Therefore future intervention studies should also control for these factors to ensure rigorous examination of the effect of parent-targeted home-based interventions on children's FV intake.
There is currently no gold standard for the assessment of children's dietary intake, with methods varying considerably across interventions. 66 In the studies included in the present review, assessment methods ranged from a dietary intake questionnaire to a repeated 24-hour dietary recall delivered by a trained health professional. Different dietary intake assessment methods are associated with different forms of bias, including the over-or underestimation of child dietary intake. 66 Therefore, future parent-targeted home-based nutrition interventions need to include the same assessment methods to facilitate the comparison of FV intake data across studies. 66 In all of the interventions evaluated here, data on children's FV intake were collected using parent self-report. Although this method is demonstrated to be reliable and valid in children under the age of 8, the evidence is unclear in older children, 66 with parents often over-reporting children's school and outof-home food intake. 67 Including children over the age of 10 in the assessment of children's FV intake may help to increase the validity and reliability of outcome data from future dietary interventions. 66 Given that parent-targeted, home-based interventions have the potential to significantly increase children's FV intake, it is important that future research identify ways to increase the number of parents being offered support, for example, by reducing delivery costs. 68 Unfortunately, the equivocal findings of this review regarding the effect of using financial incentives to increase participation in FV interventions in children provide little direction for health professionals interested in delivering parent-targeted, home-based interventions. Additional RCTs are therefore needed to examine the impact of parent-targeted home-based interventions, with and without financial incentives, on FV intake in children. In addition, none of the telephone-based intervention studies included in this review utilized mobile phone applications (apps) or text messaging. Given the increasing use of phone-based technologies in interventions designed to effect change in health behaviors, [69] [70] [71] incorporation of mobile phone apps in future research is likely to contribute to the development of more affordable parent-targeted interventions to increase children's FV intake on a mass scale.
CONCLUSION
This review demonstrates that taste exposure is an effective parent-targeted, home-based intervention strategy for promoting short-term increases (up to 12 months) in children's vegetable intake, which remains below the national recommendations across much of the developed world. Interventions delivered in the home setting, particularly via online modalities or home visits, also have strong merit, resulting in a significant increase in children's fruit intake (lasting up to 12 months). To best inform parents and health professionals, an evaluation of the long-term impact (> 12 months) of these interventions is needed to identify effective strategies for achieving sustained increases in children's FV intake. Despite this limitation, the majority of the parenttargeted home-based FV interventions reviewed here appeared feasible to deliver, as evidenced by the low attrition rates. Taken together, these findings suggest that such interventions are likely to have substantial public health appeal, offering an effective, practical, and geographically far-reaching approach for promoting increases in children's FV intake. This is particularly important for parents and health professionals in rural and remote areas, for whom access to effective health promotion interventions is often very limited.
